Abstract
INTRODUCTION
Since its introduction in 1993, molecular adsorbent recirculating system (MARS) albumin dialysis [1, 2] has been a subject of research, with the hope of using it to treat effectively patients with rapidly failing liver function. Even though MARS treatment cannot fully compensate for the synthetic and metabolic functions of a normal liver, it has been used as a bridging treatment to sustain the patient until a suitable graft becomes available, or the native liver recovers. MARS treatment has also been used for patients who have a contraindication to transplantation or when a suitable organ is not available.
While the effect of MARS treatment on patient outcome, and laboratory and clinical parameters has been investigated widely in various uncontrolled case series, only a handful of randomized studies have been published [3] [4] [5] [6] [7] [8] [9] . Thus, we are still searching to identify which patients are most likely to benefit from this treatment, and to determine whether MARS treatment does in fact improve survival in patients with liver failure. It is crucial to identify not only those patients who have a good possibility of benefiting from MARS treatment, but also those for whom MARS treatment is a futile tool that serves only to prolong suffering when death is imminent.
The aim of this prospective observational study was to identify prognostic factors associated with survival in MARS-treated patients with life-threatening liver failure.
MATERIALS AND METHODS
This was an uncontrolled, prospective, single-center, observational study of 188 consecutive patients who underwent MARS treatment in a liver-disease-specialized intensive care unit (ICU) from May 2001 to March 2007. Four patients were treated before LTX, and then later on after LTX because of graft failure. All patients were categorized into four main groups according to the etiology of liver failure: acute liver failure and injury (ALF), acute-on-chronic liver failure (AOCLF), liver graft failure (GF), or liver failure of miscellaneous etiology. For the final analysis of results, these groups were further divided into subgroups according to specific etiology ( Figure 1 ). Our tertiary liver-disease-specialized ICU is the only transplantation center in Finland.
Patients included in the ALF group required ICU admission and had rapid development of hepatic synthetic dysfunction [10] , with or without encephalopathy, and no previous history of liver disease. AOCLF was defined as previously well-compensated chronic liver disease in which an acute decompensation of liver function developed rapidly, as a result of various secondary causes [11] . Graft failure included early (primary dysfunction or non-functioning graft) and late (primarily chronic rejection) dysfunction. The miscellaneous etiologies group contained patients with acute hemorrhagic pancreatitis with ALF, ischemic injury to the liver following myocardial infarction, multiple trauma including injury to the liver, and post-liver resection hepatic failure.
Monitoring and standard medical therapy
All patients received the same standard medical therapy. Blood pressure was monitored via arterial and central venous catheters; a Swan-Gantz catheter was used if necessary. All potentially nephro-and hepatotoxic medications were discontinued. Mean arterial pressure was maintained above 65 mmHg with fluid resuscitation and vasoactive medication (primarily noradrenaline infusion). Surveillance for infection and prophylactic antibacterial and antifungal therapy was administered. The level of consciousness was monitored closely and sedatives were avoided in non-intubated patients. If the grade of hepatic encephalopathy was ≥ 3 according to the West Haven criteria [12] , the patient was usually sedated, intubated, and mechanically ventilated. A standard regimen of lactulose and proton pump inhibitors was used, and the target blood glucose level was normoglycemia, which was maintained with glucose and insulin infusion. N-acetylcysteine was used when necessary. Enteral nutrition was employed if possible. Urinary output was monitored and fluid resuscitation with furosemide infusion was used if necessary. Laboratory assessment of coagulation parameters was performed daily and clotting abnormalities were corrected only in cases of active bleeding, or an invasive procedure. Specific antidotes and drug therapies such as silibinin [13] and corticosteroids were used if deemed necessary.
MARS treatment initiation criteria
The criteria for initiating MARS treatment and treatment protocols are summarized in Table 1 . In some patients, MARS treatment was commenced in the absence of encephalopathy, particularly in ALF patients who had ingested a lethal amount of toxin or if laboratory parameters indicated progressive liver failure despite the best possible standard medical therapy. As a general rule, we treated only the first exacerbation of chronic alcoholic liver disease.
In the MARS apparatus, the flow rate was 150 mL/min in the blood and albumin circuit and 500 mL/min in the dialysis circuit with bicarbonate buffered dialysate. Ultrafiltration was adjusted to control intravascular volume balance. Anticoagulation was used if permitted by the coagulation status and platelet count of the patient; dalteparin or epoprostenol were used most often. A detailed description of the operational systems of the MARS machine can be found in our previous study [14] .
www.wjgnet.com 1 192 MARS treatment cases and 188 patients were included in this study. Four patients were treated at two different time points, first due to the primary liver failure, and second for graft failure following LTX. 
Measurements and data collection
For all MARS-treated patients, detailed information regarding the patient and treatment session was collected prospectively on a specially designed data collection sheet. Demographic data and clinical parameters were recorded at the beginning and end of each treatment. Baseline measurement was performed at the beginning of the first MARS session. The endpoint was the end of the last MARS session, death, or LTX. At both time points, blood samples were analyzed for cell counts, coagulation factor levels, plasma levels of liver enzymes, bilirubin, ammonium ion, urea, creatinine, blood gases, and electrolytes. The value furthest from the normal range of each measured variable during treatment was not included in the present analysis. The model for end-stage liver disease (MELD) score was calculated according to the standard formula by the United Network for Organ Sharing (UNOS) [15] [16] [17] at ICU admission. Survival at 1-year and need for LTX were recorded.
Statistical analysis
All data were analyzed with SPSS for Windows version 15.0 (SPSS, Chicago, IL, USA). The Wilcoxon signed rank test was used for repeated scale measurements before and after treatment within groups. The Mann-Whitney U test was applied when scale measurements were compared between groups. The Pearson χ 2 and Fisher exact tests were used to compare outcomes and binominal results between groups. P ≤ 0.05 was considered statistically significant.
Stepwise binary logistic regression analysis was performed to determine factors predicting survival in each etiological subgroup. Variables analyzed included all collected demographic, clinical and treatment-related variables (Table 2 ) and all laboratory parameters at baseline (Table 3) . Missing laboratory values were replaced with the median value of that laboratory result in all patients. The median was used instead of the mean because of the skewed distribution of most results. Special attention was given to variables that changed during MARS treatment and parameters that differed between transplant-free survivors and non-survivors/transplanted patients. The odds ratio (OR) and 95% confidence interval (CI) for each predictive variable were calculated. The best combination www.wjgnet.com 36 (69) 29 (18) 34 (14) 56 (5) 29 (13) 41 (7) 73 (8 All demographic values are expressed as median (range) or percentage of patients (number of patients). Encephalopathy grades are expressed as mean ± SD). NS: Non-significant.
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ALF: Acute liver failure; AOCLF: Acute-on-chronic liver failure; GF: Graft failure.
of significantly predictive variables was selected using the R 2 score and Hosmer-Lemeshow goodness of fit test.
RESULTS

Baseline characteristics of MARS-treated patients
Our study population consisted of 113 patients with ALF, 62 with AOCLF, 11 with GF, and six with miscellaneous liver failure ( Figure 1 ). In total, 192 MARS treatment cases were included in this study. Four patients were treated before LTX and afterwards because of graft failure. These treatment sessions were categorized separately as individual cases, first according to the primary liver failure etiology, and later on as graft failure cases. In 30% (58/192) of all treated cases, alcohol was either partly (mixed intoxication, n = 13) or directly (chronic alcoholic-liver disease, n = 45; graft failure caused by alcohol, n = 1) related to liver failure. The median number of MARS treatments per patient was two (range: 1-13), and the median duration of one session was 16.5 h (range 4-22.5 h). Contraindications to LTX prior to MARS treatment were present in 35% (67/192) of cases and included substance abuse, serious psychiatric illness, patient decision, serious concomitant disease (e.g.
www.wjgnet.com Etiologic subgroups differed significantly at baseline with respect to demographic data, clinical condition, and severity of liver failure ( Table 2 ). The percentage of patients who required vasoactive medication and those with renal insufficiency were higher in the AOCLF and GF than in the ALF group. The highest median MELD scores were observed in association with alcohol-related AOCLF (39; range 17-52) and the lowest in association with ALF caused by toxicity (27; range 5-48) and GF (26; range 20-47) ( Table 2) . Encephalopathy grade decreased significantly in most subgroups during treatment. Changes in laboratory values during MARS treatment are presented in Table 3 .
Outcome and characteristics of the subgroups Kaplan-Meier 1-year survival curves for MARS-treated transplanted and non-transplanted patients are presented in Figure 2 . The 1-year survival rate of all transplanted patients was 86% (43/50).
Patients with ALF:
Patients with ALF were categorized into three subgroups according to etiology: toxic, unknown, and other ( Figure 1 ). The toxic ALF subgroup was further subdivided into paracetamol-related and non-paracetamol-related intoxication caused by other drugs and toxins (e.g. Amanita phalloides or herbal products). The "other ALF" subgroup included patients with pregnancy-related ALF, Budd-Chiari syndrome, acute seropositive hepatitis, and hepatic trauma. A detailed analysis of the outcomes in these patients with ALF can be found in our previous study [18] . The 1-year overall survival rate of all ALF patients was 74% (84/113). The 1-year survival of transplanted ALF patients was 91% (30/33). The percentage of transplanted patients was 3% (1/32) of those with paracetamol-related ALF, 23% (7/31) of those with non-paracetamol-related ALF, 56% (23/41) of those with unknown-etiology ALF, and 22% (2/9) of those with other-etiology ALF. One-year survival rates of the transplanted and nontransplanted patients are shown in Figure 2 . Six ALF patients died while waiting for a suitable graft. Half of these patients were non-encephalopathic at the initiation of MARS treatment.
Patients with AOCLF :
All AOCLF patients were ChildPugh class C and had a median MELD score of 36 (range 17-52). In 24% (11/45) of alcohol-related AOCLF and 12% (2/17) of other-etiology AOCLF patients, the liver was still enlarged and showed signs of steatosis.
In the alcohol-related AOCLF group, two abstinent patients received transplants. In other-etiology AOCLF, nine patients received transplants. The 1-year survival rates of non-transplanted and transplanted patients were, respectively, 19% (8/34) and 100% (2/2) in alcoholrelated AOCLF, and 13% (1/8) and 67% (6/9) in otheretiology AOCLF.
In the alcohol-related AOCLF subgroup, the 1-year survival rate in non-transplanted patients with enlarged livers and signs of steatosis was significantly higher than in the other patients [55% (6/11) vs 6% (2/32); P = 0.002]. Both of these groups were comparable at baseline. The median MELD scores were 35 (range 24-48) in those with enlarged livers and steatosis and 39 (range 17-52) in the other patients.
Graft failure patients:
In GF patients, 1-year survival rate was 73% (8/11). Four patients with early GF and two with late GF underwent retransplantation. The 1-year survival rates of non-retransplanted and retransplanted patients were, respectively, 50% (2/4) and 75% (3/4) in early GF, and 100% (1/1) and 100% (2/2) in late GF.
Miscellaneous etiology patients:
All six patients in the subgroup with miscellaneous-etiology AOCLF had a contraindication to LTX. Only one patient with acute pancreatitis and ALF survived 1 year, and all other patients died within 2 mo of ICU admission.
Prognostic factors predicting 6-mo survival
The etiology of liver failure was highly significant in predicting patient outcome (P < 0.0001). The alcoholrelated AOCLF subgroup with contraindications to LTX had the highest percentage of non-surviving patients.
In survival analysis, groups were divided into two categories: (1) transplant-free survivors, and (2) ALF group, the non-survivors and transplant recipients differed significantly from the transplant-free survivors in several clinical and laboratory parameters, including MELD score and levels of bilirubin, ammonium ion, and coagulation factors (Table 4 ). In the AOCLF group, transplant-free survivors compared with non-survivors and transplant recipients had similar baseline values, except coagulation factor V and antithrombin Ⅲ plasma levels differed significantly (Table 4) .
Factors predictive of survival were tested separately using stepwise binary logistic regression analyses in each etiological subgroup. The unwanted or negative endpoint was defined as death within 6 mo or LTX. All demographic and clinical parameters and laboratory values before MARS treatment presented in Tables 2  and 3 were included in these analyses. Additionally, in the toxic etiology subgroup, the analysis of the causative drug or poison was taken into account as an independent prognostic factor.
In the paracetamol-related toxic ALF subgroup, the only significant predictor of survival was the grade of hepatic encephalopathy at the beginning of treatment (OR, 0.345; 95% CI, 0.154-0.774; P = 0.001). Based on the equation below, hepatic encephalopathy grades from 0 to 4 predicted the probability (p) of survival at 6 mo to be, respectively, 98%, 94%, 85%, 65% and 40%. The positive predictive and negative predictive values, and the overall predictive accuracy based on the equation and the data were 92%, 57% and 84%, respectively. The sensitivity and the specificity were 67% and 89%, respectively. p = 100 × [1/(1 + e -(3.831-HE*1.064) )]. In the non-paracetamol-related toxic ALF subgroup, significant predictors of survival were thrombin time, (TT) (OR, 1.103; 95% CI, 1.000-1.217; P = 0.049), and hepatic encephalopathy grade at the beginning of treatment (OR 0.562; 95% CI, 0.305-1.035; P = 0.064). The predicted probability (p) of survival at 6 mo was approximated by inserting the patient's variables into the equation given below. For example, a TT of 21% and encephalopathy grade of 2 predicted a survival probability of 45%. The positive predictive and negative predictive values and the overall predictive accuracy based on the equation and the data were 76%, 79% and 77%, respectively. The sensitivity and the specificity were 73% and 81%, respectively. p = 100 × [1/(1 + e -(-1.120 + TT*0.098-HE*0.577) )]. In the unknown etiology ALF subgroup, significant predictive factors for survival were coagulation factor V levels (OR, 1.052; 95% CI, 1.007-1.099; P = 0.02) and alanine aminotransferase ALT plasma levels (OR, 1.001; 95% CI, 1.000-1.001; P = 0.013). The predicted probability (p) of survival at 6 mo was approximated by inserting the patient's ALT and factor V levels (FV) into the equation given below. For example, an ALT value of 550 U/L and FV value of 33% gave a 6-mo survival probability of 6.5%. The positive and negative predictive www.wjgnet.com )]. We were unable to find significant predictive variables in other etiological subgroups.
DISCUSSION
To the best of our knowledge, the present study of 188 patients represents the largest number of MARStreated patients with liver failure investigated thus far in a single treatment unit. This is also believed to be the first attempt to examine prognostic factors predicting survival in different etiological subgroups of MARStreated patients with liver failure. Prognostic and treatment efficacy estimations are becoming increasingly more important in today's ICU management, as the number of patients and per-patient costs continue to increase. In 2001, when we began using MARS therapy, it was unclear which patients would benefit from the treatment. The only available data on MARS at the time were from a few small studies conducted on patients with AOCLF [19] [20] [21] [22] [23] [24] . Therefore, data with the planned protocol were collected prospectively from every MARStreated patient in our ICU.
In AOCLF, some randomized studies [5, 6, 8, 22] and small case series of MARS-treated patients [25] [26] [27] have reported favorable effects. However, conflicting reports have also emerged [28] . In review articles, MARS has been considered an effective and safe treatment [29, 30] , although in an early meta-analysis, it did not significantly reduce mortality [31] . In contrast to these studies, ours did not reveal any beneficial effect of MARS treatment on the outcome of AOCLF, except as bridging therapy. One reason that might explain this difference is patient selection. Our criteria for initiation of MARS therapy included at least two of the following: hyperbilirubinemia, hepatorenal syndrome, and encephalopathy. In the aforementioned studies, enrolled patients were in better clinical condition prior to treatment, which makes a direct comparison of results challenging. Also, in most other studies, followup time was significantly shorter than 1 year.
In the present study, we found that in the subgroup of non-transplanted patients with alcohol-related AOCLF, Child-Pugh class C, and no signs of hepatic steatosis or enlargement, the mortality was very high (94%). This suggests that MARS treatment in these patients was not beneficial, as it did not seem to improve the final outcome. Recently, a study by Wolff et al [32] led to a similar conclusion. Considering the poor survival results in patients with alcohol-related AOCLF, one might argue that MARS treatment should have been commenced earlier in the course of the disease, to benefit the patient. The optimal timing of MARS treatment in AOCLF was, and still is, unknown and requires further investigation. As most of our patients with AOCLF had end-stage cirrhosis, the regenerative capacity of the native liver was probably non-existent and the benefit of MARS treatment was only in bridging the patient to LTX. Furthermore, we were able to find a subgroup of patients with alcohol-related AOCLF with significantly better survival: patients with enlarged livers and signs of steatosis seemed to benefit more from MARS treatment, and had a significantly higher transplantation-free survival rate, even though all other baseline laboratory and clinical values were similar to those in other cirrhotic patients.
The 1-year survival rate of all transplanted patients was high (86%) in our study. Particularly in transplanted patients with ALF, the overall 1-year survival rate of 91% was significantly higher than the 1-year survival rates of 67%-83% that have been reported by western transplantation registers [15, 33, 34] and studies [35, 36] in the past decade. This finding might be attributable to the observed improvement in many clinical and laboratory parameters in patients with AOCLF or ALF during MARS treatment. Additionally, the grade of encephalopathy decreased significantly in most patients. The fact that these patients were, therefore, in better clinical condition prior to LTX might contribute to the high overall survival of transplanted patients. The favorable effect of MARS treatment on laboratory parameters, as we observed, has also been reported in many small, uncontrolled studies [26, 27, [37] [38] [39] [40] [41] [42] [43] [44] . However, the improvement in laboratory values alone might be only temporary and does not necessarily predict a favorable outcome. However, as noted in other studies, MARS treatment also seems to stabilize the patient hemodynamically and prevent the worsening of encephalopathy [18, 19, 41, 45, 46] , thus helping to bridge the patient successfully to LTX.
T he main g oal of our study was to identify prognostic factors that could predict sur vival and help in the selection of patients for MARS treatment. Based on our data, we built mathematical prediction models to estimate the 6-mo survival probability of MARS-treated patients. The most important factor for survival and spontaneous recovery was the etiology of the liver disease. In both toxic ALF subgroups, the grade of encephalopathy prior to MARS treatment was a prognostic factor, and in the subgroup of nonparacetamol-related ALF, coagulation factor levels were prognostic as well. In the subgroup of unknownetiology ALF, ALT levels and coagulation factor V levels were prognostic, but surprisingly, encephalopathy grade was not. In other liver failure subgroups, we were unable to detect variables that would accurately predict survival. MELD score was not included in this analysis because the target of this study was not to compare outcomes to previously investigated prognostic criteria, such as early lactate [47] , the Clichy criteria [48] , and the King's College criteria [49] for non-MARS treated patients with ALF, and the Child-Pugh class [50, 51] or MELD score [15, [52] [53] [54] for patients with AOCLF.
Thrombin time and factor V activity level were significant predictive factors in patients with nonparacetamol-related and unknown-etiolog y ALF, respectively. These factors emerged as predictive despite the fact that, in our ICU, treatment is usually started with intensive replacement of coagulation factors, to enable www.wjgnet.com
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the safe placement of a large-bore dialysis catheter. At the measurement of all baseline laboratory variables, the replacement therapy had already been administered to most patients. Additionally, calculation of the MELD score necessitates the use of the international normalized ratio (INR), and therefore, most patients scored much lower than they would have without prior coagulative therapy. Our results concurred with previous studies that factor V level [48, 55] and prothrombin time [49] are significant predictors of survival in patients with ALF. Also, in our predictive model for unknown-etiology ALF, high plasma levels of ALT (which is released into the bloodstream from injured hepatocytes) correlated with improved survival. High serum ALT levels might reflect the initial stage of acute liver injury. As the condition progresses, there is less liver tissue to be destroyed, and thus the ALT levels fall, and the liver's capacity for spontaneous recovery and the probability of transplantation-free survival diminish. The simultaneous plunge in factor V levels further reflects the declining synthetic capacity of the remaining liver mass.
In the present study, the grade of hepatic encephalopathy at the beginning of treatment was a predictive factor of survival in the toxic-etiology ALF subgroup. In these patients, treatment was initiated in the absence of encephalopathy if the patient had ingested a lethal amount of toxin, such as Amanita mushrooms. This early treatment might improve the prognosis of these patients. Still, despite ICU and MARS treatment, three originally non-encephalopathic patients with ALF died while waiting for a suitable graft. This finding further emphasizes the importance of early referral and prompt commencement of treatment in a specialized unit [56, 57] . In previous studies with non-MARS-treated patients with ALF, encephalopathy grade [49] as well as other clinical, serological and physical variables have been reported as predictors of survival [48, 49, 55, [58] [59] [60] [61] [62] . Yuan et al [63] have reported recently on a study of the prognostic factors for early (30-d) mortality in MARStreated patients scheduled for LTX. The study included a heterogeneous group of 50 patients with liver failure regarded and analyzed as one group. In Yuan's study, 68% of patients were transplanted compared to 25% of our patients. The 30-d postoperative survival was 82% in transplanted and 50% in non-transplanted patients. These 30-d survival figures correspond remarkably well with our respective 1-year outcome results (86% survival for transplanted and 47% survival for non-transplanted patients). The prognostic factors that correlated with early postoperative mortality in Yuan's study were sequential organ failure (SOFA) score, creatinine, INR, tumor necrosis factor-α, and interleukin-10. Encephalopathy grade was not considered significant in this analysis [63] . One of the limitations of our study is that it represents a very specific population and distribution of patients with liver failure in Finland. As the etiological factors and causative agents behind ALF and AOCLF vary between countries, the applicability of our results to other scenarios is probably reduced. In addition, there is also a likely selection bias associated with the acceptance of patients with AOCLF for MARS treatment. In Finland, alcohol-related AOCLF is a fairly common condition; these patients are usually treated in basic medical wards and not referred to our unit because chronic alcohol abuse with diagnosed cirrhosis is usually considered a contraindication to ICU treatment. Furthermore, the specificity and especially sensitivity of our predictive models were far from optimal. Ideally, a good prognostic tool would accurately, easily and cheaply predict the patient's survival probability and the need for LTX in the very early stages of the disease. In the real world, however, prognostic calculations can never predict the fate of an individual patient with 100% accuracy, as there are always exceptions to the rule, special circumstances, and multiple factors that were not considered in the prognostic model. At best, such calculations can be used as aids and facilitators, but not as substitutes, for the physician's clinical assessment.
In conclusion, the present study showed that, despite ICU and MARS treatment, patients with AOCLF and end-stage cirrhosis do not seem to benefit from MARS treatment without the possibility of LTX. In patients with alcohol-related AOCLF, we now use MARS treatment only with those whose liver is still enlarged and steatotic, with recovery capacity. The grade of encephalopathy and levels of coagulation factors were not consistently significant prognostic factors in all liver failure groups treated with MARS.
COMMENTS
Background
Rapidly failing liver function is a medical emergency that carries a high risk of mortality. Molecular adsorbent recirculating system (MARS) treatment is an extracorporeal albumin dialysis apparatus that has been used in the treatment of liver failure to enable native liver regeneration or as a bridge to liver transplantation (LTX).
Research frontiers
The impact of MARS treatment on outcome as well as clinical and laboratory variables has been investigated widely in small non-randomized studies. However, prognostic factors predicting survival in MARS-treated patients have only been explored in one study so far. The current hotspot of the research is to determine which patient groups actually benefit from MARS treatment. Another interesting question is whether there are patient groups that do not gain from MARS and should not be treated.
Innovations and breakthroughs
The prognostic factors predicting survival in MARS-treated patients have only been explored in one previous study by Yuan et al. That study comprised 50 patients with a heterogeneous etiological background and a follow-up of 30 d. The present study contained 188 patients with a heterogeneous etiological distribution. However, prognostic factors were searched for with logistic regression analysis in each etiological subgroup independently. In addition the follow-up time was 1 year. In the present study, the etiology of liver failure was the most important predictor of survival. In acute liver failure (ALF) with toxic etiology (e.g. paracetamol), the grade of encephalopathy before MARS treatment was a significant prognostic factor. In ALF of unknown etiology, coagulation factor V and liver enzyme alanine aminotransferase levels were prognostic. According to the authors results, the MARS treatment of a cirrhotic patient with an acute-onchronic liver failure (AOCLF) is not meaningful in terms of prognosis if the patient is not eligible for transplantation.
Applications
MARS treatment appears to be a safe and effective treatment in ALF patients and those chronic liver disease patients who are eligible for LTX.
Terminology
MARS is an extracorporeal albumin dialysis machine that removes water- 
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